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TECHNIQUE FOR HOLOGRAPHIC
REPRESENTATION OF IMAGES

FIELD OF THE INVENTION

The invention relates to systems and methods for pro-
cessing images, and more particularly to systems and meth-
ods for sampling and organizing image data to achieve
image representations conducive to efficient communica-
tions and storage in a distributed environment.

BACKGROUND OF THE INVENTION

Video media plays an important role in communications
nowadays and is, in fact, the major contributing factor of the
popularity of such technologies as the World Wide Web
(WWW), high definition television (HDTV) and video con-
ferencing.

However, in a typical application, transmission of images
requires much higher bandwidth than that of, say, textual
data or audio signals. Prior art techniques directed to rep-
resenting and encoding images to efficiently utilize limited
bandwidth have been developed. These prior art techniques
include well-known progressive image transmission tech-
niques such as those described in: K. Knowlton, “Progres-
sive Transmission of Grey-Scale and Binary Pictures by
Simple, Efficient, and Lossless Encoding Schemes,” Pro-
ceedings of the IEEE, Vol. 68, No. 7, July 1980, pp.
885-896; and A. Frank et al., “Progressive Image Transmis-
sion Using a Growth-Geometry Coding,” Proceedings of the
IEEE, Vol. 68, No. 7, July 1980, pp. 897-909.

In general, in progressive image transmission, a coarse
rendition of an image is first transmitted to give a receiver
an early impression of the image content. The subsequent
transmission provides the image detail of progressively finer
resolution. Thus, the receiver may terminate transmission of
the image to save bandwidth as soon as the image content is
recognized, or as soon as it becomes evident that the image
is not of interest. Thus, in progressive transmission, a
hierarchy of coarse to relatively fine resolution versions of
the image is developed. The coarse resolution version con-
tains important features to which less important details are
progressively added to achieve the relatively fine resolution
versions.

The above hierarchy may be realized using a hierarchical
(or pyramid) data structure to represent an image. For
example, one such data structure is described in S. Tanimoto
et al., “A Hierarchical Data Structure for Picture
Processing,” Computer Graphics and Image Processing 4,
1975, pp. 104-119. The hierarchy in question may also be
accomplished by encoding an image in a certain manner. For
example, using an encoding scheme described in P. Burt et
al., “The Laplacian Pyramid as a Compact Image Code,”
IEEE Transactions on Communications, Vol. Com 31, No. 4,
April 1983, one can effectively sample an image with
Laplacian operators of many scales. The resulting code
representing the image attains a pyramid structure. To
achieve the progressive transmission, the topmost level of
the pyramid code is sent first to provide an initial coarse
image in the receiver. The next level of the code is then
transmitted and added to the previous level thereof to
enhance the received image, and so on.

SUMMARY OF THE INVENTION

However, we have identified at least one major disadvan-
tage of using the traditional progressive image transmission
techniques described above. This disadvantage stems from
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their requirement of transmitting image information of vary-
ing importance. It is well known that transmitted informa-
tion would likely be corrupted or even lost when it traverses
an imperfect communication channel, which is typical.
When the relatively important image information, e.g., fea-
ture information, is corrupted or lost during the progressive
image transmission, it causes disproportionately detrimental
effects on recovery of the image, and sometimes proves to
be fatal to the whole recovery process.

In accordance with the invention, an image to be trans-
mitted is holographically represented. A portion from any
part of the holographic representation contains information
representing each part of the image in equal proportion (or
in a symmetric manner). Image recovery based on such a
portion provides a global (or an overall) view of the entire
image. The degradation of the recovered image with respect
to the original image depends upon the size of the aggregate
portion of the holographic representation received. The
larger the size of the representation received, the lower the
degradation is. The successive refinement of the recovered
image is insensitive to the order in which portions of the
representation are made available. Advantageously, unlike
the prior art, corruption or loss of any portion of the
representation during transmission here would not derail the
image recovery process.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing,

FIG. 1 illustrates an image communications system in
accordance with the invention;

FIG. 2A illustrates an image frame to be transmitted by
the system of FIG. 1;

FIG. 2B illustrates a sampling plan for sampling the
image frame of FIG. 2A;

FIG. 3A illustrates a second sampling plan pursuant to a
regular holographic sampling scheme in accordance with the
invention;

FIGS. 3B through 3D illustrate various stages of con-
struction of the second sampling plan;

FIGS. 4 and 5 respectively illustrate third and fourth
sampling plans pursuant to the regular holographic sampling
scheme;

FIG. 6A illustrates a fifth sampling plan pursuant to a
psuedo-random holographic sampling scheme in accordance
with the invention;

FIGS. 6B through 6D illustrate various stage of construc-
tion of the fifth sampling plan;

FIGS. 7 and 8 respectively illustrate sixth and seventh
sampling plans pursuant to the psuedo-random holographic
sampling scheme.

DETAILED DESCRIPTION

FIG. 1 illustrates image communications system 100
embodying the principles of the invention. System 100
includes transmitter 101, communication network 119 and
receiver 121 for communicating visual information, and
may be incorporated in a larger system rendering services
such as video conferencing, HDTYV, etc.

In transmitter 101, image/video information source 105
which may be standard digital video equipment provides a
series of digitized video image frames to image processor
109 in accordance with the invention. In a conventional
manner, each video image frame comprises a multiplicity of
pixels which are arranged in a 2-dimensional format corre-
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sponding to the original 2-dimensional image. Without loss
of generality, each image frame in this instance has 2Vx2¥
pixels arranged in a square format, where N is an integer
greater than zero. For transmission of each image frame,
image processor 109 processes the pixels therein pursuant to
an order specified by a sampling plan to be described.

Traditionally, to efficiently utilize bandwidth to commu-
nicate video images, the images are transmitted in accor-
dance with a progressive image transmission technique. This
technique requires a realization of a hierarchy of coarse to
relatively fine resolution versions of the image to be trans-
mitted. The coarse resolution version of the image contain-
ing important features is first transmitted, followed by
information on decreasingly important details of the image.
Accordingly, the coarse image is first received to which less
important details are progressively added to enhance the
received image.

However, we have identified at least one major disadvan-
tage of using the traditional progressive image transmission
technique. This disadvantage stems from its requirement of
transmitting image information of varying importance. It is
well known that transmitted information would likely be
corrupted or even lost when it traverses an imperfect com-
munication channel, which is typical. When the relatively
important image information, e.g., feature information, is
corrupted or lost during the progressive image transmission,
it causes disproportionately detrimental effects on recovery
of the image, and sometimes proves to be fatal to the whole
recovery process.

The invention overcomes the prior art limitations by
“holographically” representing an image to be transmitted.
Although the inventive image representation does not simu-
late the process of optical holography, it achieves an impor-
tant property of an optical hologram, namely, a uniform
distribution of image information, as opposed to the hierar-
chical information distribution as in the prior art.

As is well known, one can reconstruct a scene from
arbitrary portions of an optical hologram encoding that
scene. The quality of the reconstruction depends on the size
of the hologram portion used, but is independent of its
location in the hologram. A small portion of the hologram
provides a blurred scene reconstruction, and as the area of
the portion grows, the scene is reconstructed with more and
more detail. The information on the scene is homogeneously
distributed over its holographic representation in such a way
that even a small portion of the hologram affords a global
view of the image, albeit lacking in detail. Thus, an optical
hologram of a scene is a representation which makes pos-
sible a successive refinement scheme for information
retrieval and transmission, insensitive to the order in which
the portions of the representation become available.

Similarly, as fully described below, the inventive holo-
graphic representation of an image allows successive refine-
ment of the image at the receiving end. In the inventive
representation, the image information is arranged in such a
way that portions of the representation selected from any
parts thereof individually provide respective global (or
overall) views of the entire image and, together synergisti-
cally provide a finer resolution version thereof. Because of
the holographic representation, the transmitted image infor-
mation is of equal importance or unimportance throughout
the transmission. As a result, the degradation of the recov-
ered image with respect to the original image depends upon
the size of the aggregate portion of the holographic repre-
sentation received. The larger the size of the representation
received, the lower the degradation is. In addition, the
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successive refinement of the recovered image is insensitive
to the order in which the portions of the representation are
made available. Advantageously, unlike the prior art, cor-
ruption or loss of any part of transmitted information here
would not derail the image recovery process.

In order to fully appreciate the invention, certain nomen-
clature needs to be developed here. For that purpose, let’s
first consider a digitized image frame having 2x2 pixels
from source 105. FIG. 2A illustrates one such a image frame
200 which comprises four pixels denoted A, B, C, and D,
respectively. Generically, a pixel in a digitized image frame
located in the i”* row and j* column thereof is said to be
occupying a position (i,j) in the image frame, where i and j
are each an integer greater than or equal to zero. In this
instance, pixel A occupies position (0,0) of image frame 200
and thus may also be referred to as “pixel (0,0);” pixel B
occupies position (0,1) thereof and thus may also be referred
to as “pixel (0,1);” pixel C occupies position (1,0) thercof
and thus may also be referred to as “pixel (1,0);” and pixel
D occupies position (1,1) thereof and thus may also be
referred to as “pixel (1,1).”

Alternatively, in the case of an image frame such as image
frame 200 having 2x2 pixels, by treating the row index i and
column index j as the most significant bit (MSB) and the
least significant bit (LSB) of a binary number, respectively,
one may describe the position of a pixel by its decimal
equivalent. That is, alternatively, pixel A in this instance is
said to be occupying POSN 0 (corresponding to (i,j)=(0,0))
of image frame 200, pixel B occupying POSN
(corresponding to (i,j)=(0,1)) thereof, pixel C occupying
POSN 2 (corresponding to (1,j)=(1,0)) thereof, and pixel D
occupying POSN 3 (corresponding to (i,j)=(1,1)) thereof.

Image processor 109 in FIG. 1 includes microprocessor
111 and memory 113. Instructed by a control program which
is stored in memory 113, microprocessor 111 processes the
pixels in each image frame from source 105 in an order
specified by a sampling plan, which is also stored in memory
113. By way of example, FIG. 2B illustrates sampling plan
250 pursuant to which pixels A, B, C and D of image frame
200 are processed. As shown in FIG. 2B, sampling plan 250
is formatted similarly to image frame 200, except that an
ordering index “0” takes the place of pixel A; an ordering
index “2” takes the place of pixel B; an ordering index “3”
takes the place of pixel C; and an ordering index “1” takes
the place of pixel D. Such a sampling plan signifies that
pixels A, D, B and C are processed in that order correspond-
ing to the sequential order of the ordering indices “07, “17,
“2” and “3” taking their respective places. In other words,
according to sampling plan 250, pixel (0,0) (i.e., pixel A) is
first processed by microprocessor 111, followed by pixel
(1,1) (i.e., pixel D), pixel (0,1) (i.e., pixel B), and pixel (1,0)
(i.e., pixel C).

In accordance with the invention, image pixels are
sampled in a certain order such that the selected samples at
any instant are spatially distributed as uniformly as possible
over the image frame. As evidenced below, we have devel-
oped an ordering of pixels for which certain 2¥x2¥ squares
from the original image frame having 2Vx2" pixels are
guaranteed to be represented by any sequence of 4V
contiguous pixel samples, where 0<M=N. Let (1" g denote
a 2x2™ square array of pixels whose upper left corner is at
row 2¥p and column 2™q. With pe{0, 1 . .., 2¥"™='] and
qe{0, 1. . ., 2¥™-11  the original image frame may be
divided into 4¥~* disjoint squares, I:IMpq’s. Each disjoint
square I:IMP comprises the pixels with row index
je{2™,, ..., 2M(p+1)-1} and column index je{2¥, .. .,
2M(q+1)-1}.

FIG. 3A illustrates sampling plan 300 in accordance with
the invention for processor 109 to sample an image frame
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having 4x4 pixels from source 105 to achieve a holographic
representation of the image. FIGS. 3B through 3D illustrate
various stages of construction of sampling plan 300. As
shown in FIG. 3B, the sampling plan formatted similarly to
the image frame is divided into four 2x2 squares, namely,
square 0 corresponding to (1", square 1 corresponding to
O'y,, square 2 corresponding to [1';,, and square 3 corre-
sponding to [1*,;.

In this example, to realize the desired holographic
properties, the corresponding pixels in the respective 2x2
squares are selected for processing in an order pursuant to
sampling plan 250. As described before, sampling plan 250
specifies that the selected pixels are from POSN 0, POSN 3,
POSN 1, and POSN 2 of a square in that order. It should be
noted that this (0, 3, 1, 2) ordering, in short, is used here to
select the 2x2 squares as well.

Specifically, in constructing sampling plan 300, the upper
left corners (i.e., POSN 0) of squares 0, 3, 1 and 2 are first
filled with ordering indices “0” through “3,” respectively, as
shown in FIG. 3B. Second, the lower right corners (i.e.,
POSN 3) of squares 0, 3, 1 and 2 are filled with ordering
indices “4” through “7,” respectively, as shown in FIG. 3C.
Third, the upper right corners (i.e., POSN 1) of squares 0, 3,
1, and 2 are filled with ordering indices “8” through “11,”
respectively, as shown in FIG. 3D. Finally, the lower left
corners (i.e., POSN 2) of squares 0, 3, 1 and 2 are filled with
ordering indices “12” through “15,” respectively, resulting
in sampling plan 300 in FIG. 3A.

Thus, for example, according to sampling plan 300,
microprocessor 111 processes for transmission the 16 pixels
in each image frame in the following order: pixel (0,0)
corresponding to the ordering index Gore in the sampling
plan, followed by pixel (2,2) corresponding to the ordering
index “1,” pixel (0,2) corresponding to the ordering index
“2,”. .., and pixel (3,0) corresponding to the ordering index
“15.” In effect, the original image is holographically repre-
sented in accordance with the invention by a sequence
comprising pixel (0,0), pixel (2,2), pixel (0,2), . . ., and pixel
(3,0) in that order.

The above approach can be readily extended to construct
a sampling plan of a higher order. For example, to construct
a sampling plan for an image frame having 8x8 pixels, the
sampling plan may be divided into sixteen disjoint 2x2
squares. In constructing the plan, the squares may be
selected in an order pursuant to sampling plan 300, and the
selection of the pixels within the respective squares may
follow the order specified by sampling plan 250. This
construction results in sampling plan 400 in FIG. 4.

Specifically, similar to the above construction of sampling
plan 300, construction of sampling plan 400 calls for first
indexing the 16 upper left corners of the respective 2x2
squares (selected in the order according to sampling plan
300) with “0” through “15,” respectively. Second, the 16
lower right corners thereof are indexed “16” through “31,”
respectively. Third, the 16 upper right corners thereof are
indexed “32” through “47,” respectively. Finally, the 16
lower left corners thereof are indexed “48” through “63,”
respectively.

It can be shown that in general when an image frame
having 2¥x2" pixels is divided into 4V~ disjoint 2*x2™
squares I:IMpq’s, any sequence of 4% pixels successively
selected pursuant to a sampling plan in accordance with the
invention comprises a sample from each " g This
sequence may “wrap around” so that the pixel indexed “0”
may be considered to follow the pixel indexed “4¥~1.” As an
illustration, FIG. 5 shows sampling plan 500 in accordance
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6

with the invention which is constructed based on sampling
plans 400 and 250, with N=4 and M=1. As shown in FIG. 5,
sampling plan 500 comprises 64 2x2 squares, and any
sequence of 64 pixels selected successively, say, the
sequence with indices 197-255 and 0—4 (shown in italics) in
the sampling plan, comprises a sample from each of the 64
2x2 squares. It should also be noted that any sequence of
four pixels selected successively are reasonably uniformly
distributed over the entire image frame.

However, we have recognized that use of the above
sampling plans may give rise to undesirable aliasing and/or
Moiré effects on the transmitted image. These effects can be
attributed to repeated use of the same sampling order. For
example, according to each of sampling plans 300, 400 and
500, pixels in each disjoint 2x2 square of an image frame are
always selected in the order of POSN 0, POSN 3, POSN 1,
and POSN 2 thereof.

To reduce the aliasing and/or Moiré effects, a “pseudo-
random” holographic sampling scheme has been designed.
Unlike the above “regular” holographic sampling scheme
using a particular ordering pattern with regularity, the
pseudo-random scheme uses pseudo-random ordering
sequences to select pixels. FIG. 6A illustrates sampling plan
600 for sampling an image frame having 4x4 pixels in
accordance with the pseudo-random scheme.

Specifically, in constructing sampling plan 600, a different
pseudo-random ordering sequence is used in each phase of
placing indices in plan 600. For example, in the first phase,
indices “0” through “13” are placed in POSN 0, POSN 2,
POSN 3 and POSN 1 of Oy, ', O, and OOy,
respectively, as shown in FIG. 6B. In short, the pseudo-
random ordering sequence used in the first phase is (0, 2, 3,
1). In the second phase, a new sequence (1, 3, 0, 2) is used.
Accordingly, indices “4” through “7” are placed in POSN 1,
POSN 3, POSN 0 and POSN 2 of 0%, O, O0%; and
0,0, respectively, as shown in FIG. 6C. In the third phase,
another sequence (2, 0, 1, 3) is used. Accordingly, indices
“8” through “11” are placed in POSN 2, POSN 0, POSN 1
and POSN 3 of 'y, 045, "9y, and ', respectively, as
shown in FIG. 6D. In the final phase, based on yet another
sequence (3, 1, 2, 0), indices “12” through “15” are placed
in POSN 3, POSN 1, POSN 2 and POSN 0 of @'y, O,
0%, and %, ,, respectively, resulting in sampling plan 600.
In general, to randomize the ordering sequence, various
permutations of {0, 1, 2, 3} are mixed as much as possible
in its application.

A systematic way of constructing a 2¥x2" sampling plan
in accordance with the pseudo-random holographic sam-
pling scheme will now be described. In such a construction,
the following permutation functions on {0, 1, 2, 3} need to
be defined:

hea(0) =0
hea+1(0) =0
hear2(0) =0

hea(1) =3
hear1(1) =1
heasa(1) =2
hear3(1) =2
heara(l) =1

heass(1) =3

hea(2) =2
heo+1(2) =2

hep+2(2) =1

hee+3(2) =3

hea(3) =1
hear1(3) =3
hees2(3) =3

(la)

hea+3(0) =0
hga+4(0) =0

hep+5(0) =0

hee+3(3) =1

heera(2) =3 hepra(3) =2

hop+s(2) =1 hepes(3) =2,

where o represents a nonnegative integer; and hg, (4y+m)=
hg(m) for all nonnegative integers B, yand m. To mix the
above permutation functions, let
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8ea(M) = ha(n)  gear1(n) = hs(n)  gep+2(n) = h3(n)
8eo+3(1) = hi(n) geara(n) = ho(n)  gep+s(n) = ha(n)

(1b)

for all nonnegative integers .. Next, let

g @
S, a)= [gm W+ > ko pa(r/4D|  (mod 4),

b=1

where | @] represents a standard floor function which takes
the value of only the integer portion of the argument “@”
expressed as a decimal, and define

0 if f(r,a) 40,1} (3a)
rin,a)=

1 if f(n,a)e{2,3}

0 if f(n,a) 40,2} (3b)
cn,a)=

1 if f(n,a)e{l, 3}

Then the ordering index n is located at position (i,j) of the
sampling plan, where

=

= (4a)

i= 2V="lpn, )

8
il
=3

and

& 4b
j= Z 2V=a"Lem, a). (4o)
a=0

FIG. 7 illustrates sampling plan 700 (with N=3) derived
using the above expressions. It should be noted that sam-
pling plan 600 previously described may alternatively be
derived using the same expressions.

Again, it can be shown that when an image frame having
232N pixels is divided into 4V~ disjoint 2*x2™ squares
EIMpq’s, any sequence of 4V pixels selected successively
according to an inventive sampling plan comprises a sample
from each EIMP . As an illustration, FIG. 8 shows sampling
plan 800, with N=4 and M=1, constructed using expressions
(1a), (1b), (2), (32), (3b), (4a) and (4b). As shown in FIG. 8,
sampling plan 800 comprises 64 2x2 squares, and any
sequence of 64 pixels selected successively, say, the
sequence with indices of 197-255 and 0—4 (shown in italics)
in the sampling plan, comprises a sample from each of the
64 2x2 squares. In addition, any sequence of four pixels
selected successively are reasonably uniformly distributed
over the entire image.

It should be pointed out that the above regular holo-
graphic sampling scheme is a special case of the pseudo-
random holographic sampling scheme. As such, the above
expressions can also be used to construct sampling plans
according to the regular holographic sampling scheme,
except that expression (2) needs to be particularized and
replaced by the following expression:

fin, @)=hs((n/4° ). ®
Thus, sampling plans 300, 400 and 500 previously

described may alternatively be derived using expressions

(1a), (1b), (5), (3a), (3b), (4a) and (4b).
Referring back to FIG. 1, as mentioned before, micropro-
cessor 111 selects the pixels in each image frame from
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source 105 in an order specified by a sampling plan in
accordance with the invention. It then generates data repre-
senting the selected pixels in the specified order, and pro-
vides the generated data to transmit processor 115 for
transmission thereof. In theory, since the number of pixels in
each image frame is known a priori, receiver 121 only needs
information on the ordering index of any one received pixel
to derive the ordering indices of all other received pixels to
recover the image. However, in practice, the information on
the ordering index is transmitted to receiver 121 from time
to time, along with the data representing the associated
pixel, for fear that such information may be occasionally
corrupted or lost in communication network 119.

Thus, the pixel data provided by microprocessor 111 to
transmit processor 115 is punctuated with data on the
ordering indices associated with certain pixels. Transmit
processor 115 formats the received data according to a
protocol required by communication network 119. The for-
matted data is destined for receiver 121.

After receiving the formatted data from communication
network 119, receive processor 123 recovers the transmitted
pixel data and ordering index data. Based on the ordering
index data and the same sampling plan used in processor
109, image recovery processor 125 performs the inverse
function to processor 109. Specifically, it recovers the trans-
mitted pixels and properly positions them in an image frame.
It should be pointed out that because of the use of the
holographic image representation in accordance with the
invention, the recovered pixels are revenly distributed over
such an image frame. As such, this image frame, albeit
incompletely filled with the recovered pixels, provides at
least a global view of the original image.

In any event, the incomplete image frame is passed by
processor 123 on to interpolator 127. The latter performs an
image smoothing function whereby the value of each
unfilled pixel in the frame is assigned a weighted average of
the values of its nearest neighbors which are available. For
example, interpolator may use a sliding window large
enough to guarantee at least one received pixel in each
window within the frame centered at any pixel position.
Because of the inventive holographic image representation,
where each 2¥x2* square is guaranteed to be represented by
a sample in a sequence of 4~ contiguous pixels, a square
window having a length of 2**'—1 pixels is the smallest
window which must contain at least one pixel from the
sequence. When more than one received pixel appears in
such a window, their values may be weighted by some
function of their distance d to the center of the window, such
as 1/d or 1/d?, and then averaged.

Interpolator 127 forwards the interpolated image frame to
video equipment 129. Based on such an image frame,
equipment 129 displays thereon an approximate version of
the original transmitted image. The degradation of this
approximate version with respect to the original image is
dependent upon the size of the portion of the holographic
image representation received. The larger the size of the
portion received, the lower the degradation is.

A second embodiment in which an image is holographi-
cally represented based on Fourier transformation will now
be described. In this embodiment, let I(x,y) represent an
image on an X-Y plane to be holographically represented. In
accordance with the invention, this image is regarded as the
amplitude of the Fourier transform of its holographic rep-
resentation H(u,v). Specifically,

Hi, v)=f H{I(xy)e

where f~'{@} represents the well known inverse Fourier
transform operation, and P(x,y) is a random variable repre-
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senting a phase value assigned to the image at point (X,y) in
accordance with the invention. More particularly, P(x,y) is a
random variable having a phase value uniformly distributed
over [-m, ], and is spatially uncorrelated, i.e., E[P(x,,y,)P
(X2,¥,)]=0 for (x4,y1)#(X,¥). In other words, in accordance
with the invention, a “random phase” P(x,y) is artificially
injected in the computation of the holographic representa-
tion of the image I(x,y).

It should be noted that the image represented by I(x,y)
may be in a discrete or an analog form depending on the
requirement of the system involved. In the case that I(x,y)
represents an image in a discrete form, the above inverse
Fourier transform used would be the standard discrete
inverse Fourier transform. Otherwise, the standard continu-
ous inverse Fourier transform would be used.

The image representation H(u,v) in accordance with the
invention possesses holographic properties. It can be shown
that a portion cropped from any part of the representation
H(u,v) provides an overall version of I(x,y) after a Fourier
transformation (discrete or continuous) is performed on the
cropped portion. Again, the degradation of this overall
version with respect to I(x,y) decreases as the size of the
cropped portion used increases.

The foregoing merely illustrates the principles of the
invention. It will thus be appreciated that a person skilled in
the art will be able to devise numerous systems which,
although not explicitly shown or described herein, embody
the principles of the invention and are thus within its spirit
and scope.

For example, image communications system 100 is dis-
closed herein in a form in which various system functions
are performed by discrete functional blocks. However, any
A one or more of these functions could equally well be
embodied in an arrangement in which the functions of any
one or more of those blocks or indeed, all of the functions
thereof, are realized, for example, by one or more appro-
priately programmed processors.

We claim:

1. An image processing apparatus comprising:

an interface for receiving a sequence of data points

representative of a selected image, the selected image
being divided into a predetermined number of parti-
tions thereof, each data point being associated with one
of the partitions, the data points being arranged in the
sequence in such a manner that each predetermined
number of successive data points in the sequence are
associated with the predetermined number of partitions,
respectively; and

a processor responsive to the received data for generating

a representation of the selected image.

2. The apparatus of claim 1 wherein the data points
comprise a plurality of pixels in the selected image.

3. The apparatus of claim 2 wherein the pixels are selected
to be placed in the sequence from the associated partitions
in respective orders, two or more of the respective orders
being identical.

4. The apparatus of claim 2 wherein the pixels are selected
to be placed in the sequence from the associated partitions
in respective orders, the respective orders being selected
pseudo-randomly.

5. The apparatus of claim 1 wherein each partition is
identical in size.

6. The apparatus of claim 2 wherein the pixels are
arranaed in the sequence in accordance with a sampling
plan.

7. The apparatus of claim 6 wherein the sampling plan is
formatted similarly to the pixels in the selected image.
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8. An image processing apparatus comprising:

an interface for receiving data representative of a selected
image; and

a processor for performing a transformation on the data to
generate a representation of the selected image, the
transformation having a random phase introduced
thereinto, a selected portion from any part of the
representation including information representing each
section of the selected image in substantially equal
proportion.

9. The apparatus of claim 8 wherein the transformation

includes an inverse Fourier transformation.

10. The apparatus of claim 8 wherein the data represen-
tative of the selected image is in an analog form.

11. An image recovery apparatus comprising:

an interface for receiving a selected portion of a repre-
sentation of a selected image, the selected image being
divided into a predetermined number of partitions
thereof, the representation being derived from a
sequence of data points representative of the selected
image, each data point being associated with one of the
partitions, the data points being arranged in the
sequence in such a manner that each predetermined
number of successive data points in the sequence are
associated with the predetermined number of partitions,
respectively; and

a processor responsive to the selected portion of the
representation for recovering the selected image, deg-
radation of the recovered image with respect to the
selected image being a function of the size of the
selected portion of the representation.

12. The apparatus of claim 11 wherein the degradation

decreases as the size of the selected portion increases.

13. The apparatus of claim 11 wherein the data points
comprise a plurality of pixels in the selected image.

14. The apparatus of claim 13 wherein the pixels are
arranged in the sequence in a specified order.

15. The apparatus of claim 11 wherein the selected image
is recovered by performing a Fourier transformation on the
selected portion of the representation.

16. The apparatus of claim 11 wherein the selected image
is in an analog form.

17. A communications system comprising:

a processor responsive to a sequence of data points
representative of a selected image for generating a
representation of the selected image, the selected image
being divided into a predetermined number of
partitions, each data point being associated with one of
the partitions, the data points being arranged in the
sequence in such a manner that each predetermined
number of successive data points in the sequence are
associated with the predetermined number of partitions,
respectively;

a transmit element for transmitting at least a selected
portion of the representation; and

a receiver responsive to the transmitted portion of the
representation for recovering the selected image, deg-
radation of the recovered image with respect to the
selected image being a function of the size of the
transmitted portion.

18. The system of claim 17 wherein the data points

comprise a plurality of pixels in the selected image.

19. The system of claim 18 wherein the pixels are
arranged in the sequence in a specified order.

20. The system of claim 19 wherein the pixels are selected
to be placed in the sequence from the associated partitions
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in respective orders, two or more of the respective orders
being identical.

21. The system of claim 19 wherein the pixels are selected
to be placed in the sequence from the associated partitions
in respective orders, the respective orders being selected
pseudo-randomly.

22. The system of claim 17 wherein the representation is
generated by performing an inverse Fourier transformation
on the selected data points.

23. The system of claim 22 wherein a random phase is
introduced into the inverse Fourier transformation.

24. The system of claim 22 wherein the selected image is
recovered by performing a Fourier transformation on the
selected portion of the representation.

25. The system of claim 17 wherein the degradation
decreases as the size of the selected portion increases.

26. The system of claim 17 wherein the image is in an
analog form.

27. A method for image processing comprising:

receiving a sequence of data points representative of a
selected image, the selected image being divided into a
predetermined number of partitions thereof, each data
point being associated with one of the partitions, the
data points being arranged in the sequence in such a
manner that each predetermined number of successive
data points in the sequence are associated with the
predetermined number of partitions, respectively; and

generating, in response to the received data, a represen-

tation of the selected image.

28. The method of claim 27 wherein the data points
comprise a plurality of pixels in the selected image.

29. The method of claim 28 wherein the pixels are
arranged in the sequence in accordance with a sampling
plan.

30. The method of claim 29 wherein the sampling plan is
formatted similarly to the pixels in the selected image.

31. The method of claim 28 wherein the pixels are
selected to be placed in the sequence from the associated
partitions in respective orders, two or more of the respective
orders being identical.

32. The method of claim 28 wherein the pixels are
selected to be placed in the sequence from the associated
partitions in respective orders, the respective orders being
selected pseudo-randomly.
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33. The method of claim 27 wherein each partition is
identical in size.
34. An image processing method comprising:

receiving data representative of a selected image; and

performing a transformation on the data to generate a
representation of the selected image, the transformation
having a random phase introduced thereinto, a selected
portion from any part of the representation including
information representing each section of the selected
image in substantially equal proportion.

35. The method of claim 34 wherein the transformation

includes an inverse Fourier transformation.

36. The method of claim 27 wherein the data represen-
tative of the selected image is in an analog form.

37. A method for image recovery comprising:

receiving a selected portion of a representation of a
selected image, the selected image being divided into a
predetermined number of partitions thereof, the repre-
sentation being derived from a sequence of data points
representative of the selected image, each data point
being associated with one of the partitions, the data
points being arranged in the sequence in such a manner
that each predetermined number of successive data
points in the sequence are associated with the prede-
termined number of partitions, respectively; and

recovering the selected image in response to the selected
portion of the representation, degradation of the recov-
ered image with respect to the selected image being a
function of the size of the selected portion of the
representation.

38. The method of claim 37 wherein the degradation

decreases as the size of the selected portion increases.

39. The method of claim 37 wherein the data points
comprise a plurality of pixels in the selected image.

40. The method of claim 39 wherein the pixels are
arranged in the sequence in a specified order.

41. The method of claim 37 wherein the selected image is
recovered by performing a Fourier transformation on the
selected portion of the representation.

42. The method of claim 37 wherein the selected image is
in an analog form.



